Introduction: Most women who quit smoking during pregnancy will relapse postpartum. Interventions for sustained postpartum abstinence can benefit from understanding prenatal characteristics associated with treatment response. Given that individuals with psychiatric disorders or elevated depressive symptoms have difficulty quitting smoking and that increases in depressive symptoms prenatally are common, we examined the relevance of psychiatric diagnoses, prenatal depressive symptoms, and stress to postpartum relapse prevention intervention response. Methods: Pregnant women (N = 300) who quit smoking during pregnancy received intervention (with specialized focus on mood, weight, and stress [STARTS] or a comparison [SUPPORT]) to prevent postpartum relapse. As previously published, nearly one-third and one-quarter of women achieved biochemically-confirmed sustained abstinence at 24-and 52-weeks postpartum, with no difference in abstinence rates between the interventions. Women completed psychiatric interviews and questionnaires during pregnancy. Smoking was assessed in pregnancy, and 24-and 52-weeks postpartum. Results: Psychiatric disorders did not predict sustained abstinence or treatment response. However, treatment response was moderated by end-of-pregnancy depressive symptoms (χ 2 = 9.98, p = .002) and stress (χ 2 = 6.90, p = .01) at 24-and 52-weeks postpartum and remained significant after including covariates. Women with low distress achieved higher abstinence rates in SUPPORT than in STARTS (37% vs. 19% for depressive symptoms; 36% vs. 19% for stress), with no difference for women with high symptoms. Conclusions: Prenatal depressive symptoms and stress predicted differential treatment efficacy in women with low symptoms, not in women with high symptoms. Diagnostic history did not predict treatment differences. Future research to address prenatal distress may help tailor postpartum relapse prevention interventions. Implications: We examined prenatal history of psychiatric disorders and psychiatric distress as moderators of response to postpartum smoking relapse prevention intervention that either included or did not include added content on mood, stress, and weight concerns. For women with lower psychiatric distress, the added focus is not necessary, as these women achieved greater sustained abstinence in the less-intensive treatment. Understanding which women need which level
Introduction
A majority of cigarette smokers who quit as a result of pregnancy will resume smoking within the first 6 months postpartum. Recent systematic reviews have determined that psychosocial interventions effectively promote smoking cessation during pregnancy, 1 and not enough data exist to determine whether pharmacotherapies are effective with prenatal (ie, during pregnancy, before delivery) smoking cessation. 2 Notably, despite quitting during pregnancy, many women relapse: by 1 year postpartum, more than 65% [3] [4] [5] [6] and as many as 90% 7 of women who quit during pregnancy will resume smoking without intervention. Postpartum maternal smoking is associated with myriad negative health consequences for women, [8] [9] [10] [11] [12] infants, 13, 14 and children, [15] [16] [17] and preventing postpartum relapse can capitalize on the high rates of prenatal smoking cessation and have a large impact on maternal and offspring health. 18 Although some interventions designed to prevent postpartum relapse have increased the duration of postpartum smoking abstinence, 5, 19, 20 no postpartum relapse prevention strategies have been published that report biochemically-validated abstinence by 1 year postpartum. In our recent trial of two cognitive-behavioral relapse prevention interventions delivered 6 months postpartum, we found high rates (24%) of biochemically-validated abstinence at 1 year postpartum, although no differences between the intervention conditions. 21 Our finding was similar to results from a recent trial comparing intensive smoking abstinence intervention to an information-only control condition. 22 In that trial, intervention and control content were delivered in the third trimester and throughout the first postpartum year, and no difference was found between conditions. 22 The authors found that women's level of risk for relapse moderated response to intervention. 22 We sought to examine maternal characteristics that increase vulnerability to relapse and, particularly, to focus on potentially modifiable psychosocial factors.
In general, psychiatric distress is linked to smoking 23 and rates of psychiatric disorders are high among individuals who smoke. [24] [25] [26] [27] [28] Rates of psychiatric disorders also are high among pregnant women 29, 30 and associated with perinatal (ie, before and after delivery, including the prenatal and postpartum periods) smoking. For example, 45% of pregnant smokers also had at least one psychiatric disorder, 31 and interview-assessed rates of current mood and anxiety disorders have been linked to smoking among pregnant women maintained on methadone. 32 Pregnant women also report substantial psychological distress, 33 which is related to perinatal smoking during the perinatal period. 33, 34 However, pregnant women with comorbid psychiatric conditions can and do quit smoking. 35 Given that psychiatric comorbidity is associated with smoking generally and among women in the perinatal period, we reasoned that the presence of prenatal psychiatric conditions or the experience of significant prenatal psychiatric symptoms might interfere with postpartum abstinence.
Our work 36, 37 and that of others 6, 20, [38] [39] [40] has documented that changes in mood, the experience of stress, and concerns about weight relate to women's smoking behavior postpartum. For example, pregnant women who reported feeling able to manage their weight without smoking also reported confidence in their ability to remain abstinent postpartum. 36 In a qualitative review of postpartum smoking relapse, stress was a commonly-reported reason for relapse, including use of smoking for stress management. 41 Moreover, positive affect and concerns about smoking-related weight gain prospectively predicted a rapid return to smoking postpartum, 37 which was, in turn, associated with lower weight postpartum. 42 Similarly perinatal anxiety, depressive symptoms, 40 and stress 43 have been identified as risk factors for postpartum smoking relapse. Thus, psychiatric disorders and measures of psychiatric distress have been linked to smoking and may specifically affect postpartum smoking relapse and response to relapse prevention interventions.
Although treatments to address perinatal smoking have not consistently been successful in preventing relapse postpartum, 44 results of our recent trial 21 suggest interventions adapted to the specific demands on women during the postpartum period increase rates of sustained abstinence. In that trial, two behavioral smoking relapse prevention interventions were evaluated. One included additional cognitive-behavioral intervention with specialized focus on postpartum mood, smoking-related weight concerns and stress, whereas the other intervention provided a supportive attentioncontrolled comparator. Rates of biochemically-confirmed sustained abstinence were 34% and 24% at 24-and 52-weeks postpartum across the two interventions and there were no differences in rates of sustained abstinence between the interventions. Notably, a recent meta-analysis of relapse prevention interventions delivered during pregnancy found that across studies with 6-month data (ie, 24-weeks postpartum), approximately 74% of women had resumed smoking. 45 Thus, our interventions achieved a higher rate of sustained abstinence, suggesting postpartum-adapted relapse prevention intervention can help women. Although the interventions in our trial did not differ overall in efficacy, we reasoned that maternal characteristics might be related to intervention response. Specifically, we posited that psychiatric disorders and symptoms might moderate intervention response, as these have been linked to difficulty quitting and are common among women during the postpartum period. 40 We found high rates of lifetime psychiatric disorders among pregnant former smokers, with approximately half of the women (56.94%) reporting symptoms consistent with at least one psychiatric disorder. 46 Thus, we sought to examine the relative efficacy of two postpartum-adapted smoking relapse prevention programs based on women's prenatal reports about (1) whether they had a lifetime history of a psychiatric disorder, (2) the specific category of psychiatric disorder, and (3) their level of prenatal psychiatric distress. We hypothesized that women with a history of psychiatric disorders would be more likely to relapse postpartum, but an intervention that addressed mood, stress, and other postpartum psychological concerns that precipitate relapse might help women with mood and anxiety disorders more than a time-and attention-controlled comparison. Finally, given the impact of depressive symptoms and stress on relapse among nonpregnant adults, 47 we also evaluated the role of these symptoms on intervention response, reasoning that women with higher psychiatric distress might benefit more from the cognitive-behavioral strategies for mood management and stress reduction than from the supportive control condition, while women with lower distress may not need the added mood and stress emphasis.
Methods

Participants
Participants were 300 pregnant former smokers (between 34 and 38 weeks gestation) enrolled in a larger randomized controlled trial investigating the efficacy of postpartum smoking relapse prevention interventions. Eligibility for the larger study, as detailed elsewhere, 48 required women to have stopped smoking during or immediately prior to this pregnancy. Smoking cessation was documented prior to enrollment using the timeline follow-back methodology and an expired-air carbon monoxide (CO) level less than or equal to 8 parts per million (ppm). Descriptive information for the sample has been previously reported (see Levine et al. 46 ). Women who had quit smoking for their current pregnancy completed baseline assessments during their third trimester of pregnancy. Women were then randomly assigned to receive intervention with added focus on mood, stress, and weight concerns (Strategies to Avoid Returning to Smoking; STARTS) or a supportive, timeand attention-controlled comparison without this added focus (SUPPORT) during the first 6 months postpartum.
Interventions
Women in both the STARTS and SUPPORT interventions received cognitive-behavioral smoking relapse prevention techniques. Women in both interventions also were asked to monitor urges to smoke and received behavioral support to address cravings and high-risk situations. Additionally, women in both interventions received education about healthy postpartum weight loss and the use of physical activity as an alternative to smoking.
However, the interventions differed in the approach to psychiatric distress. SUPPORT focused only on behavioral urges to smoke whereas STARTS incorporated additional cognitive-behavioral techniques to address psychosocial issues related to smoking urges. Women in STARTS were asked to track situations, thoughts, and feelings related to mood and stress in addition to smoking urges. 48, 49 Thoughts and beliefs were challenged and cognitive-behavioral strategies for addressing these, such as increasing social contacts and balancing their needs with those of their new baby, were discussed. Similarly, smoking-specific weight concerns were targeted in STARTS, which previously has been shown to be related to relapse.
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Assessments
Demographic and Pregnancy-related Information
Women reported demographic and pregnancy-related information, including age, race, income, education, and parity at study enrollment.
Lifetime Psychiatric Diagnoses
Lifetime history of psychiatric disorders was assessed by trained clinicians using the Structured Clinical Interview for DSM-IV-TR Non-Patient Edition (SCID-I/NP). 51 The SCID-I/NP is a widely used semi-structured interview that provides information on the presence or absence of both current and historical disorders in every category of psychiatric disorder, including, mood, anxiety, eating, and substance use disorders. Although the psychiatric diagnoses included in this study were scored based on DSM-IV-TR criteria, the categories of disorders are reported using DSM-5. For instance, obsessive compulsive disorder and posttraumatic stress disorder were treated as individual categories of disorders rather than included with the overall anxiety disorders. Interviews were administered by assessors trained to conduct SCID-I/NP interviews and who had achieved at least a priori level of 90% adherence to standardized administration and scoring on the SCID-I/NP prior to conducting the first research assessment for this project. To maintain the fidelity over time, supervision and feedback were provided weekly. This measure was added after initial study enrollment had begun. To maximize participation, and in light of our interest in lifetime psychiatric disorders, women who had already delivered (n = 66) were contacted postpartum to complete the SCID-I/NP within 55 weeks of delivery. However, the majority of women completed the interview, prenatally, at study enrollment (n = 215; see Levine et al. 21 ). Diagnostic interviews that occurred during pregnancy were completed between 33 and 41 weeks gestation. Women who were assessed during pregnancy and those assessed postpartum did not differ in demographic variables, or rates of psychiatric disorders (ps > .32).
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Prenatal Psychiatric Distress Psychiatric distress was measured using self-reported depressive symptoms and stress. Depressive symptoms were assessed using the Center for Epidemiological Studies-Depression Scale (CES-D), 52 which is less sensitive than other depression scales to somatic symptoms that may be common during the postpartum period. 53 Women also completed the Perceived Stress Scale (PSS), 54 a 14-item scale that has been used in other smoking cessation studies 55 and assesses the degree to which an individual appraises situations as stressful.
Smoking Behavior
Because women were required to be abstinent at study enrollment, women were asked to think back to the last time they had smoked every day for at least 1 month and complete the Fagerstrom Test of Nicotine Dependence. Women also provided information on the number of cigarettes smoked prior to quitting, the number of years they had been smoking, and when and how they had quit smoking for their current pregnancy.
Smoking Status
At each assessment, women were interviewed about any smoking since their last assessment using a timeline follow-back format, 56 and expired-air CO and a salivary cotinine sample were collected. Relapse was defined as the self-report of seven consecutive days of smoking, a CO > 8 ppm, or a cotinine level > 15 µg/L. 57, 58 In all cases where CO or cotinine indicated smoking, women were coded as relapsed. Women who dropped out of treatment were considered to have relapsed as of the day following the last visit on which abstinence was verified. Women were queried about smoking using a time line follow-back format and self-report of nonsmoking was confirmed by both expired-air CO and salivary cotinine. Relapse was defined as seven consecutive days of smoking or a CO greater than 8 ppm.
58,57
Data Analyses
First, using Chi-square tests based on intention-to-treat, we compared the proportions of women with and without a history of psychiatric disorder in STARTS and SUPPORT who maintained abstinence at 24-and 52-weeks postpartum. Next, using generalized mixed model analyses, we evaluated the role of lifetime prevalence of disorder on relapse while including treatment condition (STARTS vs. SUPPORT), adjusting for other pretreatment factors previously related to postpartum relapse (age, race, education, and length of time quit prior to delivery), and evaluating the potential moderation of psychiatric disorder on treatment outcome by modeling the interaction of history of psychiatric disorders and treatment group. We repeated these analyses for specific categories of disorders to determine the relative strength of relations among the most common disorders (depressive, substance use, and anxiety disorders), and for depressive symptoms and stress, given their relevance to postpartum relapse and their distinction from frank psychiatric disorders.
Results
Among the women with a history of at least one psychiatric disorder, (n = 156, 56%), the most common disorder categories were depressive disorders (32%), substance use disorders (31%), and anxiety disorders (15%; see Levine et al. 46 for details on the lifetime rates by psychiatric disorder).
Relationships Between Lifetime Psychiatric Disorders and Outcome of Interventions
Across intervention conditions, a lifetime history of psychiatric disorder was not associated with risk of relapse at either 24-or 52-weeks postpartum (ps > .60). As presented in Table 1 , when examining differential treatment response, no significant effect was found for women with a history of psychiatric disorder (χ 2 (1) = 0.06, p = .80).
However, among women without a lifetime history of psychiatric disorder (n = 120), those who were randomized to SUPPORT were more likely to sustain abstinence through 24-and 52-weeks postpartum than were those in STARTS (44% vs. 27% at 24-weeks, χ 2 (1) = 3.75, p = .05; 40% vs. 14% at 52-weeks, χ 2 (1) = 10.40, p = .001). In the model with covariates, the interaction between lifetime disorder and treatment group was not significant (p = .48) at 24-weeks postpartum (β = 1.81, p = .25), although it was more strongly associated at 52-weeks postpartum (β = 3.26, p = .02). Moreover, the overall moderation effect was not significant (χ 2 = 2.78, p = .10).
Relationships With Specific Categories of Psychiatric Disorders and Outcome of Interventions
No effect was found for lifetime history of mood disorders or anxiety disorders in Chi-square or regression analyses (ps > .06). The only significant effect found for history of substance use disorders was at 52-weeks postpartum: among women without a history of substance use disorders, those in SUPPORT achieved greater rates of abstinence than those in STARTS (32% vs. 17%, χ 2 (1) = 5.74, p = .02). However, this difference no longer remained after adjusting for covariates (β = 1.83, p = .13), and the overall moderation effect was not significant (χ 2 = 0.14, p = .71).
Relationships Between Psychiatric Distress and Outcome of Interventions
Given that depressive symptoms, stress, and smoking-related weight concerns were specifically targeted in the STARTS treatment, we examined the role of depressive symptoms and stress as moderators of treatment response, especially because women may experience a range of depressive symptoms and stress without meeting criteria for a psychiatric diagnosis. Using the continuous measures, women with fewer depressive symptoms and less stress at the end of pregnancy were more likely to achieve sustained abstinence in SUPPORT than in STARTS at 24-and 52-weeks, and the moderation effects remained significant after adjusting for relevant covariates (χ 2 = 9.98, p = .002 for depressive symptoms; χ 2 = 6.90, p = .009 for stress). To illustrate the moderator interactions, we dichotomized women into those with and without clinically significant distress. For prenatal depressive symptoms, we used a cutoff of 16 on the CES-D. 52 STARTS and SUPPORT were not differentially efficacious among women with high prenatal depressive symptoms (ps > .13), but differences in relapse were observed for those with low depressive symptoms. Specifically, women with low depressive symptoms at the end of pregnancy were more likely to remain abstinent through 24-and 52-weeks postpartum in the SUPPORT intervention than in STARTS with 49% versus 29% achieving sustained abstinence at 24 weeks (χ 2 (1) = 7.55, p = .006) and 37% vs. 19% achieving sustained abstinence at 52 weeks (χ 2 (1) = 7.04, p = .008) (see Figure 1 ). After adjusting for race, age, number of weeks quit, and education, the effect of depressive symptoms (above vs. below the cutoff) still significantly moderated the effect of treatment on cessation at 24-(β = 2.62, p = .02) and 52-weeks (β = 2.55, p = .02). Again, for those with low depressive symptoms, the odds of relapse at 24 weeks for the women who received STARTS was 2.6 times the odds of the women who received SUPPORT folks (p = .01). Moreover, the odds of relapse remained higher for women in STARTS than in SUPPORT (odds ratio [OR] = 2.5, p = .02) at 52-weeks postpartum.
We observed similar patterns for stress, using a cutoff of 24 on the PSS based on a median-split in our sample, as there is not an identified cutoff score because it is not a diagnostic measure. 59 Among women with high stress, no group differences emerged in treatment response at 24-or 52-weeks postpartum (ps > .35). Among women with low stress, sustained abstinence rates were higher in SUPPORT than in STARTS with 52% versus 28% achieving sustained abstinence at 24 weeks (χ 2 (1) = 9.35, p = .002) and 36% vs. 19% achieving sustained abstinence at 52 weeks (χ 2 (1) = 5.67, p = .02) (see Figure 2) . The adjusted moderator effect was significant for women with low stress at 24 weeks (β = 2.52, p = .03) but not at 52 weeks (β = 1.94, p = .13), and the only group difference that emerged was found at 24 weeks among women with low stress (OR = 2.5, p = .03).
Discussion
This study presents the first data on the role of lifetime psychiatric disorders and psychiatric distress in relation to sustained abstinence following postpartum intervention among women who quit smoking during pregnancy. Our results did not support use of lifetime psychiatric disorder history or any particular disorder as a moderator of treatment response. Rather, our results suggest prenatal depressive symptoms and stress may predict response to postpartum relapse treatment. Specifically, we found that women with fewer depressive symptoms and less stress are more likely to achieve sustained abstinence in a less-intensive, supportive intervention than one with added cognitive-behavioral techniques for mood, stress, and weight concerns.
The finding that lifetime psychiatric history was not associated with relapse was contrary to our hypotheses. There are mixed findings regarding relations between psychiatric disorders and relapse prevention in non-perinatal individuals, with some data indicating that present psychiatric disorders predicted smoking status, not history of psychiatric disorder. Given that women with a psychiatric disorder history responded similarly to both the STARTS and SUPPORT interventions, it is likely that the behavioral strategies and interaction with supportive staff (ie, common treatment elements) were helpful for women with a psychiatric disorder history.
The finding that recent depressive symptoms and stress moderated response to postpartum relapse prevention intervention, even after adjusting for covariates known to predict relapse, suggest that these measures may help identify women for whom a supportive behavioral, postpartum-adapted intervention will yield greater outcomes. For women with low levels of psychiatric distress, an intervention that offers support and behavioral techniques to sustain abstinence, designed for postpartum women and delivered during the first 6 months in the postpartum year is helpful. Interestingly, the more intensive intervention with added cognitive-behavioral techniques to address postpartum mood, stress, and weight concerns was found to be less effective in this group. The present results suggest that for women with low psychiatric distress, such added focus is unnecessary.
One possible explanation for the better abstinence rates in women with low distress in SUPPORT is that there was less effort involved with engaging in treatment (eg, less emphasis on and homework related to addressing psychosocial concerns). Although attendance rates were the same for each intervention (see Levine et al. 21 ), it is possible that women were better able to engage in the less intensive, supportive behavioral intervention in the context of the postpartum period. Future studies that include qualitative data to better understand the treatment process and women's reactions to postpartum behavioral relapse prevention intervention are warranted. In this era of promoting personalized medicine, our findings support tailoring treatment based on individuals' symptom levels; in this case, the STARTS intervention, with the added content on managing mood, stress, and weight concerns, was beyond necessary for women with low psychiatric distress. Thus, the behavioral strategies for managing cravings and addressing changes in the postpartum period, delivered in a fashion adapted to the time demands of new mothers in SUPPORT were more likely to yield sustained smoking abstinence for women with low psychiatric distress.
Notably, we did not find a moderator effect among women with high depressive symptoms or stress. This was in contrast to a previous study, which found that women with higher baseline levels of prenatal depressive symptoms achieved greater abstinence rates postpartum in a cognitive-behavioral depression-focused intervention compared to a health and wellness control condition. 44 Of note, the interventions in the previous research were delivered prenatally and thus the baseline symptom assessment and treatment delivery overlapped, whereas our baseline prenatal depressive symptom assessments occurred several months prior to postpartum intervention delivery. Furthermore, as we have previously reported, 21 depressive symptoms improved for women in both STARTS and SUPPORT, and perhaps engagement in either intervention was helpful for participants with higher psychiatric distress.
Given that our measures of psychiatric distress were not pregnancy-specific or adapted to address the perinatal period, those women who were identified as having high distress may represent a group with mixed levels of symptomatology, particularly as higher scores on the CES-D can be related to fatigue or other pregnancyrelated symptoms, rather than depressive symptoms alone. As pregnancy and psychiatric distress both involve physical symptoms, it may be necessary to distinguish women with higher distress who may benefit from intervention with greater mood and stress management from those who respond to less-intensive supportive intervention. It is possible that assessment tools designed to evaluate perinatal distress would be more sensitive to pregnancy-specific symptoms and determine whether women with psychiatric symptoms warrant additional treatment content to increase their likelihood of achieving sustained abstinence postpartum.
Importantly, the assessments of depressive symptoms and stress used herein were self-report questionnaires that can be easily completed by women, and easily collected, scored, and interpreted by health care providers. These questionnaires offer advantages over semi-structured clinical interviews conducted by trained staff and that require additional time and supervision to determine psychiatric diagnoses. For example, a brief questionnaire about depressive symptoms or stress may be implemented by prenatal care providers to screen patients who quit smoking during pregnancy and help to (1) identify women with low or high psychiatric distress, and (2) refer women with low distress to supportive behavioral relapse prevention intervention. For women with high psychiatric distress, screening may increase their referral to and engagement in intervention for smoking relapse prevention and indicated psychiatric issues.
There are several strengths of the study, including the large and diverse sample, characterization of psychiatric disorders and distress using validated semi-structured interviews and questionnaires, randomization to interventions, prospective data collection, evaluation of baseline prenatal variables as moderators of postpartum intervention response, and repeated measurements of biochemically-confirmed sustained abstinence over the first postpartum year. There are limitations to note, including that while we obtained lifetime history of psychiatric disorders, our measurement of psychiatric distress symptoms only focuses on the past several weeks. Repeated measurement of recent symptoms may identify meaningful trajectories (eg, women who have consistent vs. fluctuating levels of distress) that enhance our ability to predict treatment response based on patterns of distress throughout pregnancy, rather than a single timepoint for prenatal assessment. Additionally, diagnostic criteria for psychiatric disorders were evaluated by an interview using DSM-IV criteria, as the DSM-5 was published during data collection. Although we categorized the reported information using DSM-5 criteria when possible, the rates of lifetime history of psychiatric disorders and subsequent interaction with treatment response may have yielded different relapse rates if a DSM-5 interview had been used. Furthermore, this study did not include information about the severity of lifetime psychiatric illness, such as level of care received (eg, prior hospitalizations and outpatient sessions). It is also worthwhile to note that the measure of cotinine testing includes e-cigarette use as smoking, meaning that there may have been false positives for relapse. E-cigarette use and other nicotine replacement therapy were recorded as additional treatments, although these did not affect the outcomes.
Helping women to quit smoking and sustain abstinence, especially during the perinatal period, offers a unique and important window for improving the health of mothers and their children. Our data suggest that assessing self-reported psychiatric distress may help identify interventions for sustaining postpartum smoking abstinence for women with minimal psychiatric distress. Thus, these findings underscore the importance of perinatal symptom monitoring and highlight future directions of research related to addressing psychiatric symptoms and promoting behavioral health more broadly in pregnant and postpartum women.
